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Abstract 
Objective To investigate the preparation and the drug in vitro release mechanism of Sodium-iron Chlorophyllin 
microcapsules. Methods Sodium-iron Chlorophyllin/ Ethylcellulose (EC) microcapsules were prepared by solvent-
nonsolvent method. Model-fitting were used to study the in-vitro release mechanism of Sodium-iron Chlorophyllin 
microcapsules. Results The method has such advantages as simple technology, uniformity in diameters and drug 
loading. Conclusion The preparation procedure is simple. And the release mechanism of water-insoluble matrix 
preparations was fitting model. 
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1.Introduction 
Ethylcellulose (EC) is one of the most widely used water-insoluble cellulose derivative, with part of 
hydroxyl replaced by oxyethyl in the cellulose chain. It get viscid due to water swelling, thus inhibiting 
drug dissolution and diffusion to achieve extended release. It is applied as a capsule wall material for 
water soluble drugs for controlling drug release [1]. Sodium-iron Chlorophyllin as a chlorophyll 
derivative salt resembles human heme in structure and physiological function. As pharmacological studies 
show, it not only can effectively supplement iron elements but also can stimulate medullary 
hematopoiesis function. It is clinically used as an ideal RBC activation agent to treat iron-deficiency 
anemia, with satisfactory treatment effects [2]. But substantial use of it may result in melena, probably 
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due to insufficient absorption which causes lower utilization rate. Therefore it is necessary increase drug 
absorption while controlling release through a preparation. In this essay, sodium-iron chlorophyllin 
microcapsules are prepared by solvent-nonsolvent method. Additionally, drug release kinetics has always 
been an important subject in pharmaceutic preparation researches. And it a regular method to fit the 
course of release by using an existing model. This essay explores the release mechanism through fitting of 
a commonly used model. 
2.Materials 
Electric mixer (Shanghai Jingfeng Instrument Co. Ltd.); OLYPMUS optical microscope (Japan); AEL-
160 electronic balance (Shimadzu Corp, Japan);HH-S constant temperature water bath (Jinnan Instrument 
Factory, Jintan City); ZRS-4 intelligent dissolution tester (Radio Factory of Tianjin University); F7230 
spectrophotometer (Xiamen Analytical Instrument Factory). Sodium-iron chlorophyllin (C.P., Haining 
Fengming Chlorophyll Co. Ltd.); Ethylcellulose (Packaging Factory of Shanghai Chemical Agent Station, 
import packaging); other drugs and agents are analytically pure from domestic market. 
3.Method and Results 
3.1.Preparation of Microcapsules 
Sodium-iron chlorophyllin powder is added into 2% carbon tetrachloride solution of Ethylcellulose 
and mixed in constant temperature water batch to produce Sodium-iron chlorophyllin suspension; the 
suspension is added into petroleum benzin non-solution while being stired, stiring to continue for 1 hour, 
to be centrifuged for 20 mins in a centrifugal machine, and then to be washed by petroleum benzin for 
several times, liquid supernatant to be removed, to be dried on a glass plate in a drier, and now Sodium-
iron chlorophyllin/EC microcapsules are produced. 
3.2.Establishment of Content Measurement Method 
• Selection of Measurement Method 
Measurement method for ferri ion as described in Reference [3], i.e. Microcapsules are ashing treated, 
and the content of sodium-iron chlorophyllin is provided through measuring the content of ferri ion. 
• Preparation of Standard Solution 
The solution with 0.1 mg·mL-1 of ferri ion as described in Reference [3] is taken as standard stock 
solution. Weigh out accurately 10.00 mL of the above standard solution to be placed in a 100 mL 
measuring flask, with water to be added up to the line mark, and fully shake up. This standard iron 
solution contains 0.01 mg·mL-1 of iron. 
• Drawing of Standard Curve  
Weigh out accurately 0.00, 2.00, 4.00, 6.00, 8.00, 10.00, 12.00, 14.00 mL of standard iron solution to 
be placed in 50 mL flasks respectively, and add 10.0 mL of Sodium acetate -Acetic acid buffer solution, 
3.0 mL of 0.1% Phenanthroline monohydrate, to be diluted with water up to the line mark and fully shake 
up. Take non-iron standard preparation as blank, use a spectrophotometer to measure optical absorbance 
(A) at 510 nm wave length, and make analysis by linear regression. The regression equation resulted in: 
A=0.2012C+0.0015, correlation coefficient r =0.9998; A good liner relation is shown within the range of 
0.4 mg·L-1̚2.8 mg·L-1 in conformitiy with Beer’s Law. 
• Recovery Test  
Weigh out precisely appropriate amount of sodium-iron chlorophyllin microcapsules in 9 shares, with 
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3 shares as a group, and conduct pre-treatment as described under “measurement of drug loading and 
encapsulation rate” until sample preparation is produced. Weigh out precisely 2.0 mL of sample 
preparation to be placed into a 50 mL measuring flask. Into each group is added respectively 5.0 mL, 7.0 
mL, 9.0 mL of standard iron solution, since “add 2.0 mL of 10% hydroxylamine hydrochloride”, for 
measurement as described under “measurement of drug loading and encapsulation rate”. The results are 
shown in Table 4. 
3.3.Measurement of Drug Loading and encapsulation rate 
Weigh out appropriate amount of Sodium-iron chlorophyllin microcapsules (approximately equal to 
0.1g) and place it in a porcelain crucible. Heat it on a low-temperature stove in a hood until no black 
smoke comes out, and then transfer it into a muffle roaster for ashing for 0.5 hour, and take it out for 
cooling down to room temperature. Add concentrated hydrochloric acid to dissolve the residuals. The 
solution is transfered into a 100 mL measuring flask (Note that the transfer should be complete) and 
diluted with injection water up to the line mark, and is fully shaken up for a sample preparation. Weigh 
out precisely 2.0mL of sample preparation to be placed in a 50 mL measuring flask, and add 2.0 mL of 
10% hydroxylamine hydrochloride, 10.0 mL of Sodium acetate -Acetic acid buffer solution, 3.0 mL of 
0.1% Phenanthroline monohydrate, to be diluted with water up to the line mark and fully shake up. Take 
non-sample as blank, use a spectrophotometer to measure optical absorbance (A) at 510 nm wave length, 
and the content of Sodium-iron Chlorophyllin is provided through measuring the content of ferri ion. And 
drug loading and encapsulation rates are calculated by the following formula: 
Drug loading (%)=mass of Sodium-iron Chlorophyllin in the sample/total mass of sample 
microcapsules*100% 
Encapsulation rate (%)=mass of Sodium-iron Chlorophyllin in the microcapsules/drug dosage*100% 
3.4.Repeatability Study  
Prepare 3 batches of Sodium-iron Chlorophyllin microcapsules according to the above technological 
conditions, measure encapsulation rate and drug loading. The results are shown in Table 1. As seen from 
Table 1, encapsulation rate and drug loading show good repeatability. 
Table 1. Encapsulation rate and drug loading of 3 batches of microcapsules (n=3) 
Batch No. Encapsulation rate (%) Drug loading (%) 
1 84.95 39.64 
2 85.27 41.17 
3 85.56 40.58 
3.5.Measurement of release rate 
• Release conditions  
Rotating Basket. The rotation rate is 100 r·min-1, temperature (37±0.5) , media dissolving out are 900 ć
ml of simulated gastric fluid (0.1 mol·L-1 HC1) and phosphate buffer solution with pH6.8. 
• Measuring Method 
Weigh out precisely appropriate amount of microcapsules and place it in the rotating basket. Under the 
above release conditions, measure the release of microcapsules in different media. At predetermined 
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intervals take 5 ml of sample (At the meantime, supplement with fresh media of equal temperature and 
volume.), immediately filter with 0.8ȝm membrane. Take 2 mL of subsequent filtrate and place it in a 50 
mL measuring flask, add appropriate amount of HCL solution with pH=1, 2.0 mL of 10% hydroxylamine 
hydrochloride, and then add 10.0 mL of Sodium acetate -Acetic acid buffer solution, add 3.0 mL of 0.1% 
Phenanthroline monohydrate, and finally dilute with water up to the line mark and fully shake up. Take 
non-sample as blank. Measurement of optical absorbance. Calculate the accumulative release rate of 
Sodium-iron Chlorophyllin through the concentration of ferri ion, and a chart is constructed on the basis 
of accumulative release rate against time. See Fig. 1. The results show that, compared with crude drug, in-
vitro release demonstrates good extended release effect, and the accumulative release rate of drug in 
pH6.8 phosphate buffer solution is higher than that in 0.1 mol·L-1 HC1. 
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Fig.1.Accumulative release rate (%) of sodium-iron chlorophyllin and microcapsules in different solvents 
3.6.Study on the release mechanism of Sodium-iron Chlorophyllin microcapsules 
The results of in-vitro release of microcapsules are analyzed by fitting common kinetics models 
including zero order model, first order model and Higuchi model. The results are shown in Table 2 and 
Table 3. As seen from the table good liner relation is shown in the models, first order model and Higuchi 
model are better than zero order model, release mechanism of water-insoluble matrix preparations was 
fitting model. 
Table2. Kinetics models for drug release of sodium-iron chlorophyllin microcapsules in 0.1mol·l-1HCl 
Model Type equation Correlation coefficient 
Zero-order Q=0.087t+34.50 r=0.9724 
First-order Ln(100-Q)=-0.00296t+4.36 r=-0.9880 
Higuchi Q=2.905t1/2+14.98 r=0.9965 
Table3. Kinetics models for drug release of Sodium-iron Chlorophyllin microcapsules in pH6.8 phosphate buffer solution  
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Model Type equation Correlation coefficient 
Zero-order Q=0.089t+36.05 r=0.9642 
First-order Ln(100-Q)=-0.0033t+4.37 r=-0.9905 
Higuchi Q=2.998t1/2+15.73 r=0.9942 
Table 4.Recovery Test (n=9) 
Sample Iron content given/mg 
Iron content 
added/mg 
Iron content 
measured/mg Recovery (%) Average (%) RSD(%) 
1 0.0235 0.05 0.0724 98.50 
98.42 0.62 
2 0.0241 0.05 0.0728 98.25 
3 0.0238 0.05 0.0722 97.83 
4 0.0246 0.07 0.0930 98.31 
5 0.0248 0.07 0.0926 97.68 
6 0.0251 0.07 0.0930 97.79 
7 0.0231 0.09 0.1119 98.94 
8 0.0236 0.09 0.1127 99.21 
9 0.0243 0.09 0.1135 99.30 
4.Discussions 
Drug release kinetics has always been an important subject in pharmaceutic preparation researches. 
And it a regular method of release mechanism research to fit the course of release by using existing 
models. At present, commonly used models for in-vitro release curves include zero order model, first 
order model and Higuchi (planar diffusion) model. The data is linearly fitted on different models to find 
the optimal equation, to determine the best possible kinetics models for describing drug release[4]. The 
drug release mechanism of Sodium-iron Chlorophyllin microcapsules is also discussed through observing 
the structural change of microcapsules before and after dissolving out. The results show that the first 
order equation and Higuchi equation show good liner relationship, conforming to the release mechanism 
of water-insoluble matrix preparations. At the meantime, it is found that the particles changed to white 
from dark green with the matrix unchanged, during the whole course of drug release. As the drug is 
released, tiny white particles are observed, which is microcapsule matrix formed by EC. And this 
conforms to the results of fitting kinetics models. 
The microcapsules showed dumping effect during dissolving out, which may be due to microcapsules 
absorbing small amount of Sodium-iron Chlorophyllin on the surface. EC is water-insoluble capsule wall 
material, media can only permeate into microcapsules through micro-pores on the capsule wall. the drug 
dissolve gradually and spread through the pores. The drug release speed in pH6.8 phosphate buffer 
solution is a bit faster than that in 0.1 mol·L-1 HC1, may be due to the matrix structure becomes more 
loosely in pH6.8 phosphate buffer solution. 
Capsule wall material is the key for controlling the speed of release. Adoption of appropriate materials 
and accessory materials can help the speed and quantity of drug release meet the requirements for 
treatment. EC as a capsule wall material can regulate drug release speed by adding pore forming agent. 
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As required in pharmacopeia, comparative experiments should be conducted with extended release 
preparation against ordinary preparations, to measure its biological availability. And next step of relevant 
experiments will be conducted in future researches. 
During preparation of Sodium-iron Chlorophyllin microcapsules, no other interferential metal ions are 
introduced. The ashing of sample is complete, with no interference to the measurement of the content of 
ferri ion. Therefore, in this essay, the content of Sodium-iron Chlorophyllin is provided indirectly through 
measuring the content of ferri ion. In the preparation of microcapsules carbon tetrachloride is used as a 
solution, which shows no existence of residues through examination by gas chromatography, conforming 
to the requirements of pharmacopeia. 
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